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Abstract 
Background & Aims 
Undernutrition is a common and aggravating problem in people suffering from various 
chronic diseases as well as a source of material costs. The aim of this study was to investigate 
the prevalence of disease-related undernutrition among adults in Croatia in the year 2012, as 
well as the cost of undernutrition associated with tumour cachexia, chronic pancreatitis, 
inflammatory bowel disease, hepatic encephalopathy, chronic obstructive pulmonary disease, 
chronic renal insufficiency requiring dialysis, cerebrovascular insult, pressure ulcers, and 
femoral fractures in the elderly. 
Methods 
A cost-of-illness analysis was conducted, including direct costs only. The study employed the 
dominant cost-of-illness method, which restricts the summation of medical expenditure to the 
disease of interest. The bottom-up, prevalence-based approach was used. The budget holder 
perspective was employed, and data sources include the list of reimbursed drugs, clinical 
opinions, and literature. 
Results 
The prevalence of disease-related undernutrition in people over the age of 20 in Croatia in the 
year 2012 was estimated to be 33.7/1,000. The total cost of adult malnutrition for selected 
diagnoses was 97.35 million EUR, accounting for 3.38% of the total Croatian national health 
care budget. The largest share was used for medications (43%), followed by 34% for 
hospitalizations, 13% for community health nursing, while parenteral and enteral nutrition 
contributed with 6% and 1% respectively. The average cost per patient was estimated at 
1,640.48 EUR. 
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Conclusions 
The cost of malnutrition for the selected diagnoses in Croatia was substantial. These health 
costs will increase due to population ageing, which calls for undernutrition screening in 
people at risk as well as for effective approaches in nutrition supplementation. 
Keywords: undernutrition, cachexia, cost of illness, health care costs, Croatia. 
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Introduction 
Despite the modern approaches in food production, an enormous burden of 
malnutrition, both overnutrition and undernutrition, still exists throughout the world, 
substantially contributing to the double burden of disease (1). Worldwide estimate of 
undernourished people in 2010 was 925 million, with 19 million hungry people in the 
developed countries (2). At the same time, global estimates for 2008 included 1.46 billion 
overweight adults, with 205 million obese men and 297 million obese women (3). Estimates 
for Croatia revealed around 20% of obese adults in 2003, with a disturbing increase of 66% in 
men and 69% in women in the period between 2003 and 2008 (4). On the other hand, 
undernutrition estimates for Croatia are still insufficient, with only scarce insights, such as the 
high prevalence of undernutrition in hospitalized gastroenterology patients (5), haemodialysis 
patients (6) and patients undergoing surgery or oncological treatment (7). Regrettably, 
undernutrition is often ignored in everyday clinical practice in Croatia (8).  
The prevalence of undernutrition in Europe is surprisingly high (9), especially in 
hospitalized patients (5, 7, 10), but also in people in long-term care institutions (11), home 
care, and elderly people in community settings (12). A disturbing fact is that undernutrition is 
associated with many chronic health conditions, like inflammatory bowel disease (IBD), 
chronic kidney, lung and liver disease, cancers, and many others. Additionally, undernutrition 
is a well recognized risk factor for adverse health events, increasing morbidity and mortality, 
hospitalization rates and the length of hospital stay (13, 14). Furthermore, elderly people, the 
segment of population on a steady increase in almost all countries in the European region of 
the World Health Organization, are at higher risk of undernutrition (15). These and other 
consequences lead to increased expenditure in the health care system (9, 10, 12). 
Cost-of-illness studies measure the economic burden of a disease and estimate the 
maximum potential for saving if a disease were to be eradicated or decreased (16). Total costs 
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comprise direct and indirect cost, depending on whether or not the resources have been 
expended directly in production of a treatment. Direct costs measure the cost of resources 
used for the treatment of a particular disease. Nonmedical direct costs include costs for the 
patient such as transportation costs, costs of diet change or for example home modifications 
for in-house dialysis machines. Indirect costs measure values of resources lost due to a 
particular disease (17). 
When prevalence of undernutrition is combined with high economic costs (9), it is 
very important to actively search for signs of undernutrition, even for signs of increased risk 
of undernutrition, especially among the elderly (18). The aim of this study was to estimate the 
prevalence of specific chronic diseases, which are frequently accompanied with 
undernutrition, and to estimate the health care expenditure resulting from those conditions in 
Croatia in 2012.. 
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Materials and Methods 
Data Collection 
This study includes all of the available real costs. We used the exact number of people 
with selected diagnoses in 2012, the number of control examinations performed per diagnosis, 
the medications used, the number of hospitalizations, intensive care unit usage, field nurse 
visits (community health nursing), and the nutritional support used. The diagnoses and health 
conditions that were selected in view of their common association with undernutrition are as 
follows: tumour cachexia due to lung cancer, stomach cancer, oesophageal, colorectal and 
pancreatic cancers, chronic pancreatitis, inflammatory bowel disease (IBD), hepatic 
encephalopathy, chronic obstructive pulmonary disease (COPD), chronic renal insufficiency 
requiring dialysis, cerebrovascular insult, pressure ulcers, and femoral fractures in people over 
65 years of age. The diseases were selected based on the availability of the data, their 
frequency in clinical setting and availability of therapy, which is covered by general health 
insurance. 
The sources of these data include: i) Croatian Health Service Yearbook 2011 (19), 
providing national data on diseases and health conditions recorded in primary and secondary 
health care; ii) databases from the Croatian National Institute for Public Health (CNIPH), 
such as the national hospitalization database, the cancer registry, and the data on DRG 
(diagnose-related group) costing; iii) clinical data from the Centre for Clinical Nutrition, 
Department of Internal Medicine, University Hospital Zagreb; iv) literature data for estimates 
which are unavailable for Croatia, like the prevalence of undernutrition  in people with certain 
health conditions; v) data from the national insurer (Croatian Institute for Health Insurance), 
that is, the exact prices for specific diagnostic and treatment procedures; vi) utilisation of 
medications, enteral and parenteral supplements used in the model, based on reports from the 
agencies that oversee those practices (Croatian Institute for Health Insurance and the Agency 
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for Medicinal Products and Medical Devices). Additionally, the need for medical procedures 
was coordinated with the principles of good medical practice and the guidelines for the 
prevention and nutritional therapy of undernutrition (20-23). This was done in order to obtain 
a result that reflects the real frequency of the use of health services in Croatia. The guidelines 
were compared to the reality of medical practice in Croatia by doctors involved in the 
treatment of undernutrition complications (gastroenterologists, oncologists, pulmonologists, 
and nephrologists). The process of data collection and analysis is shown in the Figure 1. 
 
Costing Analysis 
This analysis includes only direct medical costs, namely drug costs, hospitalization 
costs, intensive care unit usage costs, costs of diagnostic procedures, outpatient care, and 
home care costs (field nursing). Non medical direct costs refer to costs that burden the health 
care system but are not related to medical products and services, such as transportation and 
research costs. Because the indirect costs relating to the elderly and the unemployed are 
inevitably lower (24), this study did not include those costs. Intangible costs were also 
omitted from this study (such as cost of pain and suffering). 
To estimate the direct costs we used the bottom up approach, calculating the average 
cost of treatment of particular disease and multiplying it by the prevalence of this disease (25, 
26). This approach includes various types of health services, in which their costs were added 
to obtain the average cost of treatment for a particular disease. In the next step, we multiplied 
the unit cost of a particular treatment by its average yearly utilization to get an average cost 
estimate of the treatment. This was repeated for each type of health service to obtain the total 
average cost per case, which was then multiplied by the undernutrition prevalence of each 
disease to get an estimate of the total direct costs. 
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The costs of health services were calculated without discounting (the usual process by 
which the amount of costs is reduced by 2-5% after some time elapses) and without applying 
the inflation rate. 
In the Croatian health care system, primary health care is financed through capitation 
fees. Thus the costs of primary health care for malnourished patients were not included since 
it is not possible to determine the ratio of the capitation fee used for undernutrition related 
treatment. 
Given the discrepancies between real-life clinical practice and recommendations and 
guidelines, we used conservative estimates in order to show the actual situation, which in 
most cases meant lower consumption of services. To get more real-life costing and resources 
utilization and frequency data, annual unit cost figures were validated by clinical experts. 
This analysis was performed from the budget holder's perspective, using a prevalence-
based approach. Prevalence-based costing estimates annual costs, measuring the costs of 
disease within one year period, regardless of the date of the onset of the disease. This also 
means that mortality and permanent disability costs are calculated for all patients who die or 
become disabled in the study year (27). In contrast, we used incidence rate for the malignant 
diseases, since prevalence figures were not available. Unfortunately, prevalence for most of 
selected malignant diseases is almost equal to the incidence, especially for pancreatic, 
oesophageal, and gastric cancers. 
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Results 
The estimated prevalence of undernutrition  which was associated with lung carcinoma, 
stomach carcinoma, oesophageal, colorectal and pancreatic carcinoma, chronic pancreatitis, 
IBD, hepatic encephalopathy, COPD, chronic renal insufficiency requiring dialysis, 
cerebrovascular insult, femoral fractures in people older than 65 years, and pressure ulcers in 
the adult population of Croatia in 2012 was 33.7/1,000.  Undernutrition was most frequently 
observed in patients diagnosed with IBD (70%), following with patients with chronic renal 
failure (65%), COPD (50%), and patients with hepatic encephalopathy due to liver cirrhosis 
(Table 1). The study estimated that 114,220 people in Croatia suffered from selected disease-
related undernutrition in 2012, among people diagnosed with selected chronic diseases and 
older than 20 years (Table 1). The total cost of disease related undernutrition for selected 
diagnoses in adult population of Croatia in 2012 was estimated at 97.35 million EUR. The 
average cost of undernutrition per person diagnosed with these selected health conditions was 
1,640.48 EUR. The cost structure was set by diagnoses and by health care resources used. In 
terms of diagnoses, the highest cost share (61.5%) was allocated to people diagnosed with 
COPD (59,840,456.22 EUR), which is followed by pressure ulcers (21,178,845.00 EUR; 
21.8%) and cerebrovascular insult (3,738,638.50 EUR; 3.8%) (Table 1). When individual 
average costs were explored, the most expensive diagnoses were those related to oesophageal 
cancer (3,531.62 EUR), lung cancer (3,097.74 EUR), and pancreatic cancer (3,050.58 EUR) 
(Table 1). The differences in these findings are due to differences in health care utilization for 
particular diseases and the ratio of the costs identified and paid by the budget holder. 
Data analysis revealed that over a half of all the patients had at least one chronic 
complication due to undernutrition. The shares of costs related to complications due to 
undernutrition are shown in Figure 2. As far as the types of costs are concerned, the largest 
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share of total costs (42.6%) was accounted by medications, followed by hospitalization 
(33.7%) and community nursing (13.1%) (Figure 2). It is interesting to note that only 6.7% of 
the total amount of money was spent on enteral and parenteral nutrition (Figure 2). 
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Discussion 
The annual cost associated with adult malnourished patients for the selected diseases 
was estimated at over 97 million euros. Most of the amount was spent on acute 
hospitalizations and home care by field nurses, while nutritional support was estimated to 
amount to less than 10% of all the money spent for undernutrition. 
Undernutrition, a condition in which insufficient intake of calories, protein and other 
nutrients produces a measurable unfavourable impact to tissue, bodily functions, and clinical 
outcomes, is a frequent problem even in developed European countries (9). For instance, there 
were 33 million people affected by disease related undernutrition in Europe in year 2012 (9). 
This study estimated that 114,220 people in Croatia suffered from disease-related 
undernutrition in mentioned selected chronic diseases for population older than 20 years, with 
the prevalence of 33.7/1,000.  
As in other European countries, the Croatian population is aging continuously, and the 
2011 Census recorded 17.7% of the population over the age of 65, which is among the highest 
shares in Europe. Even though undernutrition may emerge at any age, old age is one of the 
main risk factors for undernutrition. For example, the risk in persons over the age of 65 is 
40% higher than the risk in younger persons (28). Therefore, it is expected that the impact and 
the frequency of undernutrition will increase in the forthcoming decades, creating a 
substantial burden of disease and becoming a prominent public health problem.  
Undernutrition is an exacerbating factor in people suffering from chronic diseases and 
in patients recovering from a disease, trauma and surgery, closing the toxic circle which 
aggravates health and further reinforces undernutrition. High undernutrition prevalence is 
found in patients suffering from malignancies and from gastrointestinal, haematological, 
neurological and respiratory diseases (5, 29). This was the main reason to include patients 
suffering from tumour cachexia, chronic pancreatitis, IBD, hepatic encephalopathy, COPD, 
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chronic renal insufficiency requiring dialysis, cerebrovascular insult, pressure ulcers, and 
femoral fractures in the elderly in this study. 
Clinical consequences of undernutrition are weight loss, growth and development 
disorders in paediatric patients, and a number of diseases and problems requiring additional 
treatment and resulting in additional health care costs. All of the above have a significant 
impact on the quality of life and functional abilities of undernurtured persons. Since 
undernutrition usually affects persons with compromised health and the elderly, it may be 
assumed that undernutrition may affect the pharmacokinetics and pharmacodynamics of 
drugs. Absorption, distribution, metabolism, and transport and excretion of drugs may be 
affected. This is yet another source of health problems and costs. Despite the high incidence 
and the health consequences, undernutrition is often absent as a diagnosis and is thus rarely 
treated adequately. This contributes to an increase in costs for health care, since treating 
people with developed undernutrition is much more expensive compared to prevention of 
undernutrition and its detection in an early stage. Prevention and early detection would 
contribute to substantial economies, both in health improvement and maintaining the quality 
of life, and in the amount of money spent. Unfortunately, undernutrition remains an 
insufficiently recognized problem in Croatia, both clinically and in terms of public health, the 
consequences of which are considerable both for individuals and for the community. This is 
supported by the result that only 6.7% of the money was spent on nutritional support in 
patients diagnosed with serious chronic diseases, like carcinomas, chronic kidney, liver and 
lung diseases. Nutritional intervention may come in various forms, from preparation of tasty 
and healthy meals and helping the patients during the meals to application of individually 
adapted nutrition, such as enteral nutrition. These procedures require minimum investment 
but promise substantial benefits. 
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Literature reveals that undernutrition increases costs of hospitalization by a minimum 
of 20% (30). British Association for Parenteral and Enteral Nutrition (BAPEN) 
demonstrated that the cost of undernutrition in the UK was >£7.3 billion per annum (29). A 
recent study from the Netherlands estimates that total additional costs of managing adult 
patients with disease related malnutrition amounted to 1.9 billion EUR in 2011, which 
accounted for 2.1% of the total Dutch national health expenditure (9). The cost associated 
with disease related undernutrition in Croatia was, in absolute units, lower than in the 
Netherlands, but it accounted for a greater share in the total Croatian national health care 
budget (3.38%). 
Cost-of-illness studies can demonstrate which diseases may require increased 
allocation of prevention or treatment resources, but they are limited in determining how 
resources are to be allocated because they do not measure benefits. In addition, these studies 
employ varying methods, which can limit the comparability of findings (24).  
The costs that were not analyzed in detail in this study are the costs for which detailed 
specification was not possible or those that could not be definitely assigned to undernutrition, 
such as lower pharmacotherapy outcome due to poor nutritional status. This analysis can 
therefore be said to be fairly conservative. Since health economics divides costs into direct 
(costs inside health system) and indirect costs (costs outside the system, such as productivity 
loss, decreased quality of life, and premature death), this study for the most part did not 
analyze indirect costs and was performed from the perspective of the Croatian Institute for 
Public Health Insurance.  Also, there is a possibility that different undernutrition criteria were 
used in different centres within the country. In Croatia, mostly NRS2002 is used for 
assessment of undernutrition (5). We have performed validation by clinical experts to evade 
the measurement bias, as well as to confirm the validity of clinical data. Despite these 
limitations, this is the first study of this kind in Europe, bringing estimates of prevalence and 
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health care costs associated with specific chronic diseases, which are most commonly 
accompanied with undernutrition. These results could serve as the first step necessary in the 
advocacy process for reducing the burden and the associated costs of undernutrition in 
Croatia, which were shown to be substantial. 
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Figure and Table Legends 
Table 1 Prevalence of undernutrition and cost by a diagnosis in EUR 
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Figure 1 The process of data collection and analysis  
CNIPH - Croatian National Institute for Public Health (Croatian Health Service Yearbook 
2010) 
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Figure 2 Structure of disease-related undernutrition  costs 
 
 
